Green-Schwarz superstring which can be constructed in any spacetime dimension. In this short note, I show that their action contains extra on-shell degrees of freedom as compared with the standard action, and is therefore inequivalent.
In five recent papers [1] [2] [3] [4] [5] , Deriglazov and Galajinsky have proposed a new covariant action for the Green-Schwarz superstring which can be constructed in any spacetime dimension. Their action is [1] 
The first two terms in (1) are the usual terms in the covariant Green-Schwarz action [6] . The equations of motion from varying the fourth and fifth terms in (1) imply that Λ µ is a constant null vector. Finally, the equation of motion from varying ψ in the third term eliminates half of the θ variables. Since half of the θ variables are eliminated by κ-symmetry in the standard Green-Schwarz action, the authors conclude that their action describes the correct physical degrees of freedom of the superstring without requiring κsymmetry. Furthermore, since their action can be constructed in any dimension, they seemingly avoid the restriction to D = 3, 4, 6, 10 which follows from requiring κ-symemtry.
However, there is a problem with the action of (1). The problem is that, although Λ µ describes a constant null vector on-shell, the direction of this null vector cannot be gauge-fixed to point in the direction Λ 0 = Λ D−1 = 1, Λ i = 0 for i = 1 to D − 2. In other words, in the light-cone gauge x 0 + x D−1 = τ , the restriction on θ is Λ µ Γ µ θ = 0, rather than the usual (Γ 0 − Γ D−1 )θ = 0. So in addition to the usual light-cone degrees of freedom of the Green-Schwarz superstring, one also has the D − 1 global degrees of freedom given by the constant null modes of Λ µ . Unlike the functional integration for the standard Green-Schwarz superstring, functional integration for the Deriglazov-Galajinsky superstring must include an integration over all possible choices of these constant null modes. Therefore, there is no obvious reason why scattering amplitudes using the two different actions should agree.
